Background & Aims: Chronic hepatitis C virus (HCV) infection can significantly reduce health-related quality of life (QoL), but it is not clear if reduction is associated with the infection or with being aware of one's infection status. Understanding the impact of a HCV diagnosis on QoL is essential to inform decision-making regarding screening/testing and treatment. Methods: Using a cross-sectional design, we assessed QoL in 2898 people who inject drugs (PWID), surveyed in Scotland during 2010 using EQ-5D. Multifactorial regression compared self-reported QoL between PWID who were (i) chronically HCV-infected and aware of their infected status, (ii) chronically HCV-infected but unaware, and (iii) not chronically infected. Results: Median time since onset of injecting was 10 years; not chronically infected PWID were younger and had shorter injecting careers than chronically infected PWID. Median EQ-5D was highest for the not chronically infected and the chronic/unaware groups (0.73) compared with the chronic/aware group (0.66). After adjustment for demographic and behavioural co-factors, QoL was significantly reduced in chronic/aware compared with chronic/unaware PWID (adjusted B = À0.09, p = 0.005); there was no evidence for a difference in QoL between not chronically infected and chronic/unaware PWID (adjusted B = À0.03, p = 0.13). Conclusions: Awareness of one's chronic HCV status was associated with reduced health-related QoL, but there was no evidence for further reduction attributable to chronic infection itself after adjusting for important covariate differences. Ó
Introduction
More than 50,000 people are estimated to be infected with the hepatitis C virus (HCV) in Scotland, of whom 90% are current/former people who inject drugs (PWID) [1] . The risk of progression to severe liver disease in this population is many times that of the general population [2] [3] [4] . Although previous research has shown that PWID have lower QoL in comparison with reference populations [4] , and chronic HCV infection can significantly reduce health-related quality of life (QoL) in PWID and clinical cohorts [5, 6] , there is little evidence regarding the association between QoL and awareness of one's infection status in HCV-infected PWID [4, 7] .
For estimation of the cost-effectiveness (CE) of HCV antiviral therapy, models have used data on patients' QoL pre-and posttreatment; for those in the pre-treatment stage, QoL is inferred from patients who have already been diagnosed and are aware of their chronic HCV infection status [8] . CE studies use simulation methods to project improvements in QoL post-treatment, and baseline QoL assumptions are often derived from earlier studies [8] [9] . For estimation of the CE of HCV testing/screening programmes [10] , data are required documenting the change in utility from untested to tested status, so that effects on QoL attributable to the receipt of a positive diagnosis in both patients selected and not selected for treatment can be incorporated in the modelling.
To better understand the relationship between HCV infection, awareness of one's infected status, and perceived health-related QoL, the current study compared QoL using EQ-5D (a standardised measure of health status) in three subgroups consisting of infected/aware, infected/unaware, and not chronic PWID in a sample of approximately 3000 injectors, attending services providing injecting equipment in Scotland.
Materials and methods

Data source
The Needle Exchange Surveillance Initiative (NESI) is an ongoing project that aims at measuring and monitoring the prevalence of HCV infection and injecting risk behaviours among PWID in Scotland. Starting in 2008/2009, a cross-sectional voluntary anonymous survey has been conducted to collect demographic, lifestyle, and substance abuse data from PWID in 11 mainland Scottish health boards (HBs) [11] . Participants were recruited by trained interviewers, from selected services and pharmacies that provide injecting equipment, from January to November 2010. Services/pharmacies were selected to be broadly geographically representative and to meet logistical constraints, namely availability of a room where participants could be interviewed in private. Participants were recruited from 109 pharmacies and 26 agencies (with 39 separate sites) providing a fixed site exchange, mobile or outreach service across the 11 mainland HBs; this represents more than half of all services providing injecting equipment in Scotland [12] . People attending recruitment sites for other harm reduction services (e.g., methadone prescription) are also invited to participate.
Participants were eligible if they had ever injected drugs and had not taken part in the current survey; non-active PWID (those who had not injected in the past 6 months) were kept to a maximum of 25% in the sample. Dried blood spot (DBS) samples are solicited and are tested anonymously for HCV antibody and RNA, and test results were linked to the questionnaire data via a common study number. Ethical approval for NESI was received from the West of Scotland Research Ethics Service.
In the second sweep of the survey in 2010, the NESI questionnaire was expanded to include the five-component EQ-5D [13, 14] , a standardised, generic instrument for measuring QoL designed for self-completion; EQ-5D is acknowledged as the most appropriate utility measure for this population [15] . The EQ-5D questionnaire was administered face-to-face by a trained interviewer. The five dimensions measured are: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each dimension has three response levels indicating severity (no problems; some problems; severe problems). To derive a single summary index QoL value from the five-dimensional EQ-5D response state, valuations derived from a UK general population sample (2997 respondents, 1993) were applied using an established algorithm [16] . A maximum score of 1 indicates the best possible health state.
DBS were supplied by 99.9% of 3100 respondents, and were tested for HCV antibody and HCV RNA at the West of Scotland Specialist Virology Centre. Testing used a modified protocol for the Ortho SAVe 2.0 ELISA (Ortho Diagnostics, Amersham, with a reported sensitivity and specificity of 99% and 100%, respectively [17] ). Reactive samples were repeated using the same assay and a small number of weakly reactive samples were tested further using modified protocols of the recombinant immunoblot assay (RIBA). RNA was extracted from DBS using the bioMerieux (Lyon, France) extraction protocol and a real-time PCR assay was undertaken. Testing was initially carried out in pools of five then positive pools were tested individually. After excluding participants who declined to supply a DBS specimen (n = 2), or whose provided sample was inadequate for testing (n = 73), or for whom HCV and/or RNA status could not be determined (n = 95), or who had incomplete age or sex information (n = 8), or did not complete EQ-5D (n = 28), the study population consisted of 2898 ever-PWID.
Outcome and other variable definitions
The outcome variable was the EQ-5D summary index. Other data recorded in the NESI questionnaire included as covariates were age, sex, injecting frequency in the previous 6 months (coded as non-active, less than once per day, or P1 times/day), ever on methadone (never, currently, or in past), ever in prison, and ever homeless (never, in past 6 months, or >6 months ago). Reported alcohol consumption in the previous 12 months was coded as non-drinker, moderate (>0 to 21 units/week for males; >0 to 14 units/week for females), or high (>21 units/week males, >14 units/week females). Health board of residence was divided into two categories: Greater Glasgow & Clyde (GGC), and all other HBs.
Data analysis
EQ-5D index values were compared to published data from a UK reference population (n = 3395, 46% male, minimum age 18 years) for which QoL was valuated using EQ-5D [18] ; reference population mean QoL values and standard deviations were weighted according to the sex and 10-year age group distribution of our study population. Differences in EQ-5D index value between the study and reference populations were assessed using the two-sample t-test.
For comparison of demographic characteristics and behavioural data between the three HCV status groups, the Kruskal-Wallis test was applied in the case of continuous variables, and the v 2 test was applied for dichotomous/categorical variables.
Because the distribution of EQ-5D values was highly skewed, linear regression was deemed inappropriate and median (quantile) regression analysis was used instead to estimate the association between EQ-5D index and HCV status, adjusting for the aforementioned covariates. Tests of interactions between HCV status and each of sex, alcohol use, and injecting frequency were planned a priori and fitted separately, and retention of interaction(s) in the final model was determined if inclusion significantly improved model fit, according to Akaike's Information Criterion. All statistical analyses were conducted using R statistical software [19] .
Due to certain discrepancies between reported HCV status and actual RNA status, (i) PWID who had tested HCV RNA-positive but had reported 'Don't have hep C' or 'Cleared hep C', and (ii) PWID who had tested HCV RNA-negative but had responded 'Have hep C', sensitivity analyses were undertaken in which each of these groups was excluded from the total study population.
Results
Demographic characteristics
Characteristics of the study population according to HCV status are provided in Table 1 . Overall, 67% (1941/2898) of respondents were deemed recent PWID (injected within the previous 4 weeks). The median time since onset of injecting was 10 years; 11% had their injection debut within the previous two years. Eighty-four percent of respondents indicated heroin to be the only drug injected. The majority (90%) of respondents reported having ever been on methadone (77% currently and 13% in the past). PWID not chronically infected with HCV represented 62% (1806/2898) of the sample, followed by chronic HCV/aware (20%) and chronic HCV/unaware (18%). The not chronic HCV group was younger on average and had shorter injecting careers than either chronic HCV/aware or chronic HCV/unaware PWID (Ps <0.001), and reported alcohol intake (summing moderate and high intake categories) was greatest for the chronic HCV/unaware group.
Quality of life measures
The distribution of responses over each EQ-5D dimension is shown in Fig. 1 . The largest proportion of 'severe' responses was observed for the dimensions anxiety/depression and pain/ discomfort. Mean EQ-5D index was significantly lower in comparison with UK population norms (t = À46.9), after standardisation for the sex and age composition of our study population. Table 2 displays the distribution of respondents according to HCV test result and perceived HCV status, with unadjusted median EQ-5D for each cell of the table. A higher proportion (84%) of HCV RNA-positive participants (from anonymous testing) reported having been tested for HCV in the past compared with those (75%) who were HCV RNA-negative; p <0.0001. However, among those HCV RNA-positive who reported having ever been tested, 21% (193/913) said that they did not have HCV (possible if they had been tested for HCV prior to acquiring, or developing, chronic infection) and 5.5% (49/913) reported that they had cleared HCV. 
Multifactorial analyses
Results of multifactorial quantile regression analysis (considering the median as the relevant measure of central tendency) indicated that adjusting for covariates, chronic HCV/aware individuals had a significantly lower QoL than chronic HCV/unaware (median values of 0.66 and 0.73, respectively; regression coefficient = À0.09, p = 0.005), and that there was no significant difference between the not chronically infected and chronic HCV/ unaware groups. Age, a high level of alcohol consumption (above 21 units/week for males, above 14 units/week for females), being an active injector, ever being on methadone treatment, ever being homeless, and residing in GGC were significantly negatively associated with the EQ-5D index, and male sex was significantly positively associated with QoL (Table 3) . No two-way interaction terms met the criterion for inclusion. Exclusion of those RNA-positive respondents who had reported either 'Don't have hep C' or 'Cleared hep C' from the regression analysis did not appreciably change the pattern of results; the adjusted regression coefficient for chronic HCV/aware was À0.08 (p = 0.006) and for not chronically infected was À0.03 (p = 0.138). Exclusion of those RNA-negative respondents who reported that they 'Have hep C' (12%, 162/1348) from analysis also did not change results; the adjusted regression coefficient for chronic HCV/aware was À0.09 (p = 0.003) and for not chronically infected was À0.03 (p = 0.177). A supplementary analysis conducted for the subgroup of recent injectors (i.e., reporting having injected within the previous 4 weeks, n = 1937) indicated little difference in the association between HCV status and EQ-5D compared with the entire cohort: the adjusted regression coefficient for chronic HCV/aware was À0.13 (p = 0.002) and for not chronically infected was À0.06 (p = 0.08).
Discussion
This is the first study to compare health-related QoL in PWID who are chronically infected with HCV and aware, with those who are chronically infected but unaware of their infected status, and those who are not chronically infected. We found that those chronically infected PWID that were aware of their serostatus (relating to those who had been diagnosed) had a significantly lower EQ-5D summary index than those who were chronically infected but unaware of their serostatus. Thus, diagnosis with HCV appears to have had an additional diminishing effect upon QoL, beyond any potential reduction in QoL associated with infection itself. Female sex, older age, heavy alcohol consumption, active injecting, current treatment with methadone, and ever being homeless were all independently associated with reduced QoL. Residing in GGC compared with other health board areas was associated with the largest QoL reduction, which captures the greater relative social deprivation in this region [20] . Restricting analysis to recent PWID only (i.e., those who reported injecting within the previous 4 weeks) made no difference to the pattern of either outcome measure. Importantly, adjustment for current age, which is itself highly correlated with length of injecting career, is a proxy for the duration of chronic infection.
The effect on QoL from receiving a positive diagnosis needs to be considered when calculating the CE of HCV testing/screening programmes. Current CE models assume that QoL is reduced with chronic infection [10, 21] . Even amongst HCV antibody-positive patients with no history of IDU, diagnosis has been shown to reduce QoL [6] . In addition, treatment is not initiated on all RNA-positives; not being selected for management and antiviral therapy can reduce QoL [22] . Although approaches have been developed to successfully test and diagnose PWID [23] , attendance at specialist clinics and rates of treatment initiation among PWID are an issue.
For the population of PWID attending injecting equipment provision services across Scotland, QoL was poorer than UK population norms, which corroborates the results of previous studies [4, 6, 24] . Based on a cross-sectional study of 833 patients in the Swiss Hepatitis C Cohort Study, Helbling et al. argue that this reduction may be due to other differences with the reference population rather than HCV per se [25] . However, in a systematic review of studies comparing QoL (using the SF-36 instrument) in HCV patients to matched controls, Spiegel et al. reported QoL to be consistently and clinically significantly lower in patients who were HCV antibody-positive, and that the impact of HCV 'Other' includes the responses 'Awaiting result', 'Did not get result', 'Don't know', and missing data. infection was most pronounced on the vitality, general health, physical function, and social function subscales of SF-36 [5] . Our principle finding was a reduction in QoL between HCVinfected PWID who were aware of their infected status compared with those who were unaware of their status. Reduced QoL in aware compared with unaware chronically HCV-infected individuals may be an effect of labelling and/or of receiving a positive diagnosis. Awareness of (or belief about) positive HCV status in infected individuals was associated with lower QoL in two previous studies [4, 7] . In the first, HCV-infected PWID who were (n = 15) and were not (n = 17) aware of their serostatus were compared in a retrospective Australian study; using the SF-36 questionnaire, the authors found that 'aware' PWID had a lower QoL, 26 years after being infected [7] . In the second study, the authors compared QoL (via SF-36) in uninfected (n = 97) and chronically HCV-infected (n = 102) PWID in Oslo, Norway, and found no difference between the two groups [4] . However, in the HCV-positive group those PWID that were aware of their infected status scored lower in 4 of 8 dimensions compared with those who were unaware. Compared with the previous studies reviewed above, our study population is much larger and involved PWID recruited in community-based settings in pharmacies and harm reductions services across Scotland.
We observed no evidence for a difference in QoL between PWID who were not chronically infected and chronic HCV/unaware PWID after adjusting for important covariate differences. This key result of our study, which had more statistical power than most previous studies, is consistent with findings of no difference in overall QoL between HCV-infected and uninfected groups [25] [26] [27] . For instance, comparing patients with and without viraemia, Helbling et al. found that QoL did not differ between Ab+ve, RNA+ve (n = 555) and Ab+ve, RNAÀve (n = 262) HCVinfected persons [25] . In a USA study of 619 PWID, 51% of whom were HCV antibody-positive, Costenbader et al. found that HCV infection was associated with a significantly reduced QoL on only 3 of the 8 SF-36 subscales [28] . Such comparisons should be made cautiously, however, as PWID populations differ from clinical populations in a number of respects, such as the presence of co-morbidities and the time since infection. In the absence of developing liver disease, HCV infection may not be sufficient to affect QoL. Given that the injecting career length of our study population was on average only 10 years (corresponding to a maximum of 10 years of disease progression), and in the context that chronic HCV infection can take decades to progress to complications (5-15% develop cirrhosis after 20 years of infection [29] ), it is perhaps unsurprising that our adjusted analysis found no difference in QoL between chronic HCV/unaware and not chronically infected PWID. Further research on QoL in those with longer injecting careers is required.
Our results must be interpreted in the context of several potential limitations regarding the recruitment of the study population and in the determination/quantification of QoL. First, we have assumed that willingness to participate in all aspects of the NESI survey did not differ across HCV status groups. However, if QoL differences between respondents and non-respondents were not distributed equally across the three HCV status groups, then our results may not be representative of the PWID population as a whole. Table 3 . Results of multifactorial quantile regression analysis, where the outcome is EQ-5D index value. Analysis additionally excluded individuals with missing data on any of: ever on methadone (n = 0), ever homeless (n = 4), ever imprisoned (n = 4); leaving 2894 cases for analysis. Second, our study population predominantly consists of current injectors, and thus is clearly relevant for CE studies specifically addressing this group [30] . However, ex-PWID are under-represented (they were only recruited if accessing harm reduction services) and so sampling bias and generalisability to ex-PWID needs to be considered.
Third, our study population consisted of PWID with a relatively short injecting career (median 10 years); therefore (as outlined above) we do not expect many to have developed HCV-related complications within this relatively short duration of living with chronic infection. However, those PWID who have developed HCV-related disease are more likely to have been tested and diagnosed (and so will be in the chronic HCV/aware group); the difference in QoL we observed between chronic HCV/aware and chronic HCV/unaware individuals needs to be considered in light of this potential bias. Having said this, among HCV antibody-and RNA-positive PWID who had been tested in the past, QoL was still lower among those aware (0.66; Table 2 ) compared with those unaware (0.74) of their infection.
Fourth, due to lack of data on social deprivation, we were unable to control for socio-economic inequalities between HCV status groups. Partial control was achieved by adjusting for health board, a greater number of chronic HCV/aware and chronic HCV/unaware respondents resided in GGC HB, which revealed large independent effects for this covariate. Adjustment for socio-economic variables may influence the QoL difference seen between chronic HCV/aware and chronic HCV/unaware groups. Finally, because of our cross-sectional study design, we cannot make causal inferences regarding the relationship between awareness of serostatus and QoL. More research is required, ideally comparing QoL elicited before and after diagnosis with HCV, to clarify this issue.
For PWID chronically infected with HCV, being aware of their infected status was associated with a reduced health-related QoL; there was no evidence for any QoL reduction solely attributable to the presence of infection in undiagnosed PWID, when age (a proxy for duration of infection) and other covariates are controlled for. These findings provide useful data on the change in QoL post-diagnosis. Additional research is required to ascertain the relative contributions of the duration of HCV infection (particularly in infected ex-PWID, who will have been infected for a longer time) and awareness of one's infected status to QoL.
On the basis of the maxim that an intervention should do more good than harm, our finding that awareness of infection status among chronically HCV-infected current PWID is associated with a reduction in QoL implies that unless clinicians are prepared, and have the means, to act on a HCV diagnosis, the case for promoting the identification of infected individuals is weak.
